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COMPLETE SPECIFICATION 

Improvements in or relating to High-frequency Detecting and 
Power Measuring Systems 



We, Jamks Gaiuustt Yates and 
HowLANn 'Olive Bobbins, British sub- 
jects, both of the Ministry of Supply, 
London, and Tohi*kif Pedes, Hvinix&t/ a 

5 Norwegian subject of Lunner St. Hade- 
land, Norway, do hereby declare the 
nature of this invention and in what 
manner the same is to be performed, to 
be particularly described and ascertained 

10 in and by the following- statement : — 

This invention relates to high-fre- 
quency detecting* and power-measuring 
systems of the kind utilising a directly, 
heated resistance element having* a 

15 characteristic independent of frequency 
to such extent that D.C. or relatively 
low- frequency power measurements are 
indicative of H.F. power dissipation. 
In this specification the word " detect- 

20 lug" when applied to high-frequency 
currents means indicating the incidence 
of high frequency current and does not 
mean rectifying the high - frequency 
currents to reveal amplitude modulation. 

25 The word %t low-frequency " means a 
frequency much lower than that of the 
high-frequency current to be detected or 
measured. 

One type of resistance element which i? 

30 c'ominouly.used is the hot filament or bolo- 
meter resistance, sometimes in the form 
of a filament lanip, designed to have a 
power-resi stance characteristic substan- 
tially independent of frequency. Another 

36 type, with which the present invention is 
more particularly concerned, is the 
directly-heated thermistor bead, which is 
a very small bead bridging two connect- 
ing wires, the material of the bead being 

40 a metal oxide or other semi-conductor 
having a large negative temperature co- 
efficient of resistance. The bead may be 
mounted in a small glass tube of the order 
of one centimetre in length, with the 

45 connecting wires sealed in the ends of the 
tube. Alternntivelj a cartridge as dis- 
closed in copending application ]No k 
f Price 1/-] 



3397&/4o (Serial No. o04,4yt>) may be 
employed. Air filling at normal pressures 
may be used. These resistance elements 50 
are designed for coupling to H.F. sources 
with small loss. 

With such frequency - independent 
resistance elements, H.F. power is 
evaluated by measuring the D.C. power 55 
or the D.C. power change necessary to 
give the same effect as, or to nullify the 
the effect of, the H.F. power. 

When a frequency-independent non- 
linear resistance element terminating a 60 
co-axial line is to be inserted in a D.C*. or 
low-frequency circuit, a conductive con- 
nection to the inner conductor of the co- 
axial pair has to be provided without in- 
troducing losses or reflections in the H.F. 65 
co-axial circuit. For short-wave co-axial 
circuits, the conductive connection may 
be made over stubs of such length as to 
avoid reflection suitably disposed along 
the co-axial line and for longer-wave cir- 70 
cuits conductive connection through 
choke coils may be made, the co-axial 
line including capacitative joints in each 
case to provide the necessary D.C. or 
L.F. insulation. Tuned stubs or choke? 75 
however, tend to limit the frequency 
range of operation and rematching _on 
change of frequency is usually necessary. 

An object of the present invention is to 
avoid this disadvantage. Q0 

In one aspect the invention resides in 
a high-frequency detector comprising 
two thermistor or like non-linear resist- 
ance elements connected in parallel 
across a co-axial line for H.F. energy and 85 
in series in a D.C. or low-frequency cir- 
cuit. 

The resistance elements may be 
arranged in conductive series connection 
between capacitatively-coupled parts of 90 
the outer conductor of a co -axial plug or 
socket, the junction between the elements 
beipg connected to the inner conductor of 
the plug or socket. 



AS 
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In another asi>eet of the invention a 
high-frequency wattmeter comprises a 

- D.C. or relatively low-frequency bridge 
circuit one arm of which is constituted by 
5 two thermistor or lite non-linear resist- 
ance elements, said elements being 
arranged to be fed in parallel with H.F. 
energy by means of a co-axial line. 

The bridge elements are preferubly 

10 arranged in the manner hereinafter de- 
scribed to provide compensation for 
change in ambient temperature. 

A portable, direct-reading, high-fre- 
quency milliwatt-meter embodying the 

15 invention will now be described with 
reference to the accompanying drawings. 
The milliwattmeter shows full-scale de- 
flection of one milliwatt of H.F. power, 
the input is matched to a seventy-olim co- 

2H) axial line with a voltage standing-wave- 
ratio better than about 1.2 over wave- 
length ranges of 40 to 100 centimetres and 
nine to eleven centimetres ; compensation 
is provided for sensitivity variations and 

25 for zero drift due to variations of ambient 
temperature; calibration is effected by 
substituting D.C. for R.F. power. 

The wattmeter essentially comprises a 
D.C. bridge circuit of which one arm con- 

30 sists of two thermistors in series. The 
latter are, however, in parallel with one 
another for the H.F. input as shown in 
Fig. 1 in which Tl T2 represent the 
thermistors and L the co-axial line. The 

35 fundamental bridge circuit is shown in 
Fig. 2 and comprises bridge arms HI, R2 3 
R3 and th e two thermistors Tl, T2 in 
series, a galvanometer of resistane KG 
being connected across the bridge as 

4Q shown. It is necessary that- the voltage 
applied to the bridge should be adjust- 
able in order that the temperature and 
hence resistance of the thermistors Tl 
and T2 should be maintained at such a 
value as to balance the bridge at an> 
ambient temperature. For this purpose «. 
series resistance RlO and shunt adjust- 
able resistance Rll, as shown in Fig. 2 
may be employed. However, in order to 

50 minimize the necessary battery voltage, 
the fundamental circuit- is preferably re- 
arranged as shown in Fig. 3. Moreover 
stability of balance is assisted by addi- 
tional thermistors Dl and D2 as indi- 

55 eated in Fig. 4, which shows the details 
of the practical circuit. The values of the 
components throughout are determined 
to secure the features set out above. 
A practical mechanical construction of 

60 the unit of Fig. 1, is shown in Fig. 5. 

Referring to Fig. 5, the two bead 
thermistor elements Tl and T2 are dis- 
posed and series connected between two 
plates 1 and 2 capacitatively coupled and 

65 mechanically fixed to opposite sides of a 



brass block 3. The block 3 is bored to take 
u co-axial socket 4 and to form an exten- 
sion of the outer tubular conductor of the 
co-axial socket. The socket 4 is of 
standard form comprising an axial con- 70 
ductor 5 supported by a distrene disc 0*. 
The junction between the thermistor ele- 
ments is connected to the axial conductor. 
Two auxiliary thermistor elements DI 
and 1)2 of disc form are clamped over the 76 
opening in the end of the block by an 
end plate 7 of insulating material so that 
they are subject to substantially the same 
ambient temperature as the elements Tl 
and T2. These elemeuts Dl, D2 are insu- 80 
luted from block 3 by an insulating 
annul us S and have connecting wires, one 
of which is shown at 9, leading out from 
their centres at 10 and 11. 

If the socket is coupled to a co-axial 85 
. line of TO ohms characteristic impedance 
coupled in turn to an R.F. source 
matched to the line, and if each of the 
two thermistor bead elements Tl and T2 
has a working resistance adjustable in the 90 
neighbourhood of 140 ohms and is 
arranged as a terminating- resistance in 
accordance with known principles and as 
described, theu for a wide-band of fre- 
quencies for which the effective R.F. 95 
resistance differs but slightly from, the 
D.C. working resistance the co-axial line 
may be correctly terminated in a resist- 
ance equal to its" characteristic impedance 
by adjusting the D.C. working resistance 100 
and a D.C. output circuit is provided con- 
sisting of a resistance of about 28U ohms 
made up of the two thermistor bead ele- 
ments in series. This output resistance 
due to its pronounced thermal character- 105 
istic varies in dependency upon the R.F. 
energy fed along the co-axial line. 

The R.F. power which may be 
measured by resistance change in th* 
output circuit is limited by the necessity 110 
of maintaining a sensibly matched ter- 
minal impedance for the co-axial line 
For a resistance variation of the order oi 
10% the matching remains sufficiently 
close to prevent serious power loss hy xu 115 
flection. The working resistance of the 
thermistor bead elements is adjustable by 
varying the standing current through 
them and an optimum value of working 
resistance may be found for which the 120 
matching is usefully maintained over v 
desired range of powers and a desireu 
frequency band. 

In a particular case using the thermi- 
stor mouut described, with the thermistor 125 
bead elements working at a combined 
D.C. series resistance value of 300 ohms, 
a volt age-standing- wave-ratio (V.S. 
W.R.j of less than 1.22 was obtained 
over a wave-band of 40 to 100 centi- 130 
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metres. Tins means that the power loss 
due to mismatch and consequent reflec- 
tion of the R.F. energy was less than one 
per cent, throughout the band, tfurther- 
5 more no difficulty arises in maintaining 
. this degree of matching for lower fre- 
quencies. 

Hence the arrangement is highly suit- 
able for comparing powers of widely 

10 differing frequency. 

The effective R.F. resistance of the 
termination comprising the head elements 
becomes less closely related to the B.C. 
working resistance as the frequency is in- 
15 creased. When the wavelength is compar- 
able to the dimensions of the terminating 
resistance, the latter is no longer equiva- 
lent to a resistance uniformly distributed 
around the axial conductor. Efficient 

20 nmti-hing over a. smaller wave-bund can, 
however, still be obtained by suitable 
choice of the shape and dimensions of the 
ends of the co-axial conductors, of the 
disposition of the thermistor elements 

25 and of their working resistance. 

The co-axial mount shown in Fio\ 5 
having useful characteristics at wave- 
lengths longer than 40 cms. as already 
described, also gives a broad-band fre- 

30 quency response in shorter wavelength 
regions if the working resistance is suit- 
ably modified. ■ In a particular case and 
for 10 cm. wavelengths, the optimum 
D.C. resistance value for the two 

35 thermistor elements in series was found 
to be about 500 ohms when the co-axial 
mount was coupled to a co-axial line of 
i 1 ohms characteristic impedance. Over 
a wave-band of 8.8 to 11.0 cms., the 

40 power loss due to mismatch was then less 
than one per cent., the V.S.W.R. having 
a minimum value of 1.03 at a resistance 
value of 470 ohms. The mount was em- 
ployed in the bridge to be described and 

45 the resistance variation was from 500 
ohms at bridge balance to 450 ohms a* 
full-scale deflection of the balance-indi- 
cating meter so that the matching was 
practically maintained for all useful 

50 bridge conditions. 

Further reference will now be made to 
the bridge circuits of Pigs. 2, 3 and 4, 
firstly in regard to sensitivity compensa- 
tion. 

56' For a D.C. bridge with given circuit- 
elements the galvanometer current dig 
depends upon the unbalance dR in one 
arm R and upon the voltage E across R 
(see Fig. 2). 

60 dZl<7 = GLE.<JR fl) 

where G- = a constant depending upon 
the bridge circuit. In a thermistor- 
bridge overall sensitivity is defined by: 



S = 



dig 



(2) 



where cFW BJ? . = a small amount of R.F. 65 
power applied to the thermistors. 

In a direct reading bridge S must be 
constant whatever the operating condi- 
tions. When R is the resistance of a 
thermistor, E has to be varied to keep R 70 
at the same value when working at 
various ambient temperatures. 

Relation (2) shows that if S is to be 

dR 

kept constant while E is varied, — , 

W w , 

has to be varied too. The change dR of a 75 
thermistor resistance R depends upon 
the total change dW of power dissipated 
dR 

in R, since is constant at varying 

dW 

ambient temperature when R is kept at 
the same value. ' 

When an amount dW Mm of R.F. power 
is applied to the thermistor there will be 
a change of resistance dR. The total 
ohange dW of power in It will consist of 
the applied R.F. power dW** plus the 85 
change iW». 0 . of D.C. power in R result- 
ing from the change dR in resistance, 
that is to say, 



whence 



dW^dW^ + dW^ 
dW^ dW dW». c 



dR 



dR dR 



(3) 

(4) 90 



The bridge circuit of Fig. 2 may be 
considered as thermistors of resistance R 
subject to E volts in series with a resist- 
ance Rs and a source of E M F of ^ 

14. i . ^. 
volts as shown in Fig. 2A. Then 95 

dR 

will depend upon R 8 and upon the initial 
D.C. power dissipated in R. Fig. 2A 
shows that to vary E, R, has to be varied 
ii. , being constant. 

Thus a variation of E will cause a vari- 100 
dW*.v 

tion of . 

dR 

A circuit wherein the variation of 
dR 

—77 approximately compensates for 

<hV b>Pi 

variation of E has a bridge-sensitivity S 
nearly constant over a wide range" of 105 
ambient temperature. Fig. 2 is such a cir- 
cuit but it can be shown that to give good 
compensation R B of Fig. 2A must be 
large. That means that the circuit will 
need a high battery voltage, and yet give 110 
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low bridge-sensitivity. To give hisrh 
bridge-sensitivity at low battery voltage 
the circuit iu Fig. b* is preferred. For a 
given buttery voltage, curves showing 
5 variation of sensitivity with ambient 
temperature may be theoretically derived. 
The curve for E 0 = l- volts is experiment- 
ally verified from 15 to 40° C. Without 
compensation the error in overall sensi- 

1U tivity would be about +9% at 0° C. and 
-9% at 40° C. The improvement on this 
amounts to a factor of about 2, higher 
factors being attainable "with higher 
battery voltages. 

15 The" considerations as to zero drift are 
as follows. 

When the bridge in Fig. : j is balanced 
at a certain ambient temperature, and 
this temperature then changes, the 

20 bridge will go out of balance. To re- 
balance, the D.C. power in H must be 
varied bv varying K 0 . It" &o is the resist- 
ance of a suitable network containing a 
disc-thermistor, the temperature-change 

25 itself can be made to give the right varia- 
tion of R 0 , and the bridge will remain 
balanced. . 

Hence the detailed circuit of Fig. 4 is 
reached. In this figure a battery of six 

30 portable secondary cells of lead type 
operating between 12.5 and 11-5 volts is 
represented at E c . The bridge proper 
comprises equal resistances 113 and 

equal resistances R4, H5, the two 

35 thermistor bead elements Tl and T2 and 
a resistance HI approximately equal to 
the combined resistance of Tl and T2, all 
these elements corresponding to those of 
Fig. 3, with resistance values marked for 

40 a specific case. The balance indicating 
galvanometer G is a microammeter con- 
nected to a trimming potentiometer VH1 
inserted between resistances E2. K3. A 
preset resistance YR2 is inserted m the 

45 galvanometer connection to provide for 
direct power reading and n switch S and 
a resistance R7 provide for calibration 
and use of the galvanometer as a volt- 
meter. . 

50 One or more disc thermistor elements 
Dl, D2 shunted by a preset resistance 
V|E4 are connected in series with a vari- 
able resistance VR3 for zero adjustment 
across the arms R, Rl of the bridge. m 

55 The bridge is set up in the following 
manner. , , , , c 

With R and ttl shorted, and switch F 
in position 2, YR1 is adjusted until the 
bridge is balanced. . 

60 With the switch in position 1 & Q 13 
separately measured in order to calibrate 
the microammeter G for use as voltmeter. 
Readings are taken of the microammeter 
corresponding to the value of E Q mdi- 

65 cated by a reference voltmeter connected 



directly across the battery. 

With E 0 equal to 12. U volts and an 
ambient temperature of ^5° (j. 5 and the 
switch in position 2, the zero-set resist- 
ance VI13 is adjusted To the middle of its 70 
range and the bridge is balanced by 
means of VR4. The value of IU is 
measured accurately (e.g;. by a P.O. Box) 
and this value used in the manner tl in- 
closed in Specification Xo. 588,^03 to 75 
evaluate the D.C. power in It from the 

expression = where E B = voltage 

4.R1 

across R and Kl. 

For calibration, the bridge is balanced 
and the voltage E Bl across R and Rl is 80 
measured. The R.F. detector is then 
plugged into a suitable RF source and 
the output adjusted until the meter reads 
say tSU divisions. Next the bridge is re- 
balanced by adjustment of YR3 and the 85 
new value E D2 of the voltage across R and 
Rl is measured. The D.C power change 

E 2 B1 — E 2 B 2 

is then calculated as <AV = ► 

4R1 

The zero set resistance TR3 is then re- 
adjusted to make the meter read 80 90 
divisions again, and Y112 is adjusted so 
that the meter reads power as calculated. 
Thereafter direct power readings may be 
taken from the meter. 

Alternatively or additionally, the 95 
bridge may be calibrated by measuring 
H.F. power from a known or standard 
source. 

Having now particularly described and 
ascertained the nature of our said inven- 1Q0 
tion and in what manner the same is to be 
performed, we declare that what we claim 
is : — 

1. A high-frequency current detector 
comprising two similar non-linear resist- 2 05 
ance elements connected in parallel across 

a co-axial line for high-frequency energy 
and in series in a D.C. or low-frequency 
circuit. 

2. In or for a high -frequency current }10 
detector circuit an assembly comprising 
two non-linear resistance elements iu 
conductive series connection between 
capacitatively-coupled parts of the outer 
conductor of a section of co-axial trans- 115 
mission line, the junction between the 
elements beingr connected to the inner 
conductor of said line section. 

3. A high-frequency current detector 
according to Claim 1 or 2, wherein the 120 
resistance elements are thermistor beads. 

4. A high-frequency wattmeter com- 
prising a D.C. or relatively low-fre- 
quency bridge circuit one arm of which 

is constituted by two frequency-inde- 125 
pendent non-linear resistance elements in 
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series, said elements being arranged to be 
fed in parallel with HJb\ energy by 
means of a co-axial line. 

5. A liig'h-freqnency wattmeter accord- 
0 mg to claim 4 wherein the resistance ele- 
ments are similar thermistor beads. 

6. A high-frequency wattmeter accord- 
ing to claim 4 or 5 with compensation for 
change in ambient temperature substan- 

10 tially as described with reference to Eig. 



4 of the accompanying drawings. 

7. A high-frequency detector accord- 
ing to claim 1 substantially as described 
with reference to Pig. 5 of the accom- 
panying drawings. 15 

Dated this 13th day of December, 1945. 
T. BEOWlf, 
Chartered Patent Agent, 
Agent for the Applicants. 
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